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Description 



This invention relates in general to a method of coating substrates. In one aspect, this invention is directed to the 
coating of medical devices and other substrates to provide them with improved lubricious coatings. In a further aspect, 
said method provides medical devices, such as catheters, guide wires and the like, which when dry exhibit little or no 
lubricity but when moistened, possess a lubricity which aids in moving the devices within the body wrth ease and little 
discomfort. In another aspect this invention is directed to a process for the preparation of the coated medical devices 
which are useful in the diagnosis or treatment of various conditions in the human body. 

Catheters which are used surgically for insertion through blood vessels, urethrea. or body condurts. and guide wires 
used with catheters tor biopsy, balloon angioplasty and other medical procedures require a tow-friction surface for pre- 
venting injury to, or inflammation of. mucous membranes and other body tissues. 

One class of conventional catheters is made of low-friction materials such as Teflon®, polyethylene or other materials 
coated with a layer of Teflon® or silicone. There are two shortcomings of these catheters: First, they are not sufficiently 
slippery for the intended surgical purposes mentioned above. Second, they are difficull to handle and store because 
their surfaces are slippery at all times. 

Another class of conventional catheters is rendered lubricious by coating with a layer of silicone fluid, glycerin, or 
olive oil. These materials are unsatisfactory because the low molecular weight additives tend to run off quickly Thus 
they lose the initial lubricity rather rapidly. 

Another class of conventkDnal surface treatment involves the deposition of polyvinyl pyrrolidone) in the presence 
of a polyisocyanate. This type of coating while lubricious initially lacks abraston resistance, and is therefore easily re- 
moved from the surface of the medical devices. An improved verskjn of this technique was described in US-A-4,373,009 
and 4 729 914. where an active hydrogen containing vinyl pyrrolidone copolymer was used instead to result in a better 
bonding to the substrate. The "monomers containing active hydrogen" were needed "to form a covalent bond between 
the coupling coating and the hydrophilic copolymer". These copolymers, however, were of unknown quality in terms of 
purity, toxicity, or not of sufficiently high molecular weight needed for this application. Both the availability and usefulness 
of these copolymers are highly questionable. 

in US-A-4.119.094. a substrate such as a tube or catheter is disclosed having a hydrophilic coating which exhibits 
a low coefficient of friction. The substrate is coated with a poly(vinyI pyrrolidone).polyurethane interpolymer. A polyiso- 
cyanate and a polyurethane mixture is applied to a substrate and after drying, a poly(vinylpyrrolidone) In solution is 
applied. 

US-A-4,589,873 disctoses a method of applying a hydrophilic coating to a polymery substrate. The coaling consists 
of poly(vinyl pyrrolidone) which is applied to the substrate in a solvent folkjwed by drying. 

US-A-4.642.267 disctoses and claims a hydrophilto polymer blend The blend is comprised of a thermoplastic poly- 
urethane having no reactive isocyanate groups and a hydrophilic poly(N-vinyl lactam) such as poly(vinyl pyrrolidone) 
The blend can contain additional polymeric components such as homopolymers or copolymers of monomers including 
vinyl chloride, acrylic acid, vinyl alcohol and the like. 

A process for coating a polymer surface with a hydrophilic coating is also disclosed in US-A-4.666.437. A solution 
of a compound containing at least two unreacted isocyanate groups per molecule is applied to the polymer surface and 
the solvent evaporated. Thereafter, a solutton of poly(vinyl pyrrolidone) is applied to the treated surface and the coaled 
cured. 

EP-A-l6699a. describes lubricious coatings derived from either a cellulosic polyrner. a maleic anhydride polymer 
a polyacfylamide ora vrater-sduble nylon which are convalenUy bonded toa mecfical instrument substrate The substrate 
attains reactive functional groups such as aldehydes, epoxy. isocyanate or amino groups. The reference indicates that 
the water soluble polymers are non-crosslinked and contain hydrophilic groups such as -OH. -CONH2. -COOH. -NHg. 
-COO-. -SOg-, and -NR3, R being alkyi or hydrogen. However, a cellulosic polymer is undesirable because it niust be 
protected against microbe attack. Coatings made from a maleic anhydride polymer must go through a tedious post 
treatment with water before developing lubricity, while water-soluble nylons may have questionable stability. 

CH-A-340261 is directed to a method of rendering electrically non-conductive substrates antistatic by coating said 
substrates sequentially with an aqueous solutkMi of poly(acrylic acid) and an aqueous solution of a cation-active sub- 
stance such as a quaternary ammonium compound. 

It has now unexpectedly and surprisingly been found that certain high molecular weight poly(carboxylk: acids) or 
their partially neutralized salts, can be strongly bonded to a substrate, such asa catheter, using a polyisocyanate reagent 
and at the same time provides a hydrophilic lubricious coating. Thus, the need for either an interpenetrating network 
containing poly(vinyl pyrrolklone) and polyurethane or a copolymer containing both non-active hydrogen units and ac- 
ive-hydrogen units can be avoided. Furthemiore, there is no need for any post hydrolysis treatment in the inventton. 
unlike a maleic anhydnde polymer, the coating develops lubricity instantly upon exposure to an aqueous fluid Poly 
(acrylic acids), such as the Carbopol® brands manufactured by B.F. Goodrich, are ideally suited lor the intended medeal 
applications, and also have sufficiently high molecular weights necessary for achieving both good hydrophilfc lubricity 
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and abrasion resistance. 

Accordingly, one or more of the foltowing objects will be achieved by the practice of this invention. It Is an object ci 
this invention to provide medical and other devices which when dry do not exhibit a slippery surface, but when contacted 
with a nuid such as water, become very lubricious. Another object of this invention is to provide medical and other devices 
5 which are easily handled without fear of slipping, but when moistened or contacted with body fluids instantly become 
very lubricious. A further object of the invention Is to provide medical devices having a coating of a poly(carboxylic acid) 
and a polyisocyanate which when dried can be handled with ease, but when moistened, become very sOppery. 

The present invention provides a method of covering at least a portion of a substrate with a hydrophiiic coating 
having good abrasion resistance and which exhibits an increased lubricity when contacted with an aqueous^taining 
10 fluid, said method comprising the steps of: 

(1) contacting said substrate with a polyisocyanate or end-capped prepolymer or adduct thereof dissolved or dis- 
persed in at least one first inert solvent to provide an at least partially coated substrate; 

(2) contacting said coated substrate with a poIy(carboxylic acid) specified hereinafter! said poly(carboxylic-acid) 
being dissoloved or dispersed in at least one second inert solvent to provide a multiple coated substrate; and 

(3) thereafter drying said multiple coated substrate to provide a hydrophiiic, lubricious coating. 

One or more polyisocyanales is applied to a substrate such as a medical device. The contact time may vary from 
a few seconds to an hour or more depending upon the material of construction of the medical device and the polyiso- 
cyanate employed. The primer coaled medical device can be dried in an oven for removal of any solvent and then the 
poly(carboxylic acid) top coat can be applied directly to the polyisocyanate coated device. The coated medical device 
IS then dned to complete the coating process. The finished medical device has normal feel and handling characteristics 
when dry. Upon exposure to body fluids, however, it becomes lubricious instantly. 

The hydrophiiic lubricious coating of this invention is prepared by first contacting a substrate or medical device 
such as a catheter, with a polyisocyanate such as a toluene diisocyanate in a liquid medium. The liquid medium can be 
removed by drying or the catheter can be treated directly with the high molecular weight poly(carboxylic acid) In a liquid 
medium. After drymg in an oven, a non-tacky, easy-to-handle. and unifomily coated catheter is obtained. The surface 
of the resultant catheter becomes lubricious instantly upon exposure to an aqueous solutbn or body fluids. 

In addition to a quick initial lubricity the hydrophiiic lubricious coating of this invention is resistant to abrasion Con- 
sequently, a catheter coated in accordance with the teachings of this invention will retain a lubricious surface for a long 
duration which is often required during the course of a surgical procedure. 

Unlike catheters made of or coated with Teflon® or silicones, catheters coated in accordance with the present 
invention are non-slippery when dry but become instantly slippery when wet. As a result, medical devices coated with 
the hydrophiiic lubricious coatings of this invention are easier to handle and store. 

Theteim-^jath-as employed throughout thespecification and appendedclaims is meant to ind 
of the indicated organic compounds, but also disperskjns. e.g. emulsions, thereof. 

Application of the coatings from the bath can be effected by a variety of methods and includes, but is not limited to 
dipping, spraying, electrical deposition and painting. Optionally, the coated substrate can be further treated with ari 
aqueous bath to partially or totally neutralize the free acid. In those instances wherein the substrate is subjected to high 
temperatures, such as in thermoforming processes, the treatment with the aqueous bath to effect neutralization or partial 
neutralization is desired. ^ 

As indicated above, the hydrophiiic lubricious coating of this invention is comprised of at least two components* a 
poVisocyanate primer and a water-soluble or water dispersible poIy(carboxylic acid) topcoat. They are normally applied 
in two separate coating steps. However, if desired, the drying step after application of the polyisocyanate coating can 
be omitted and drying effected after application of the top coat. 

The solvents useful for applying the polyisocyanates include methyl ethyl ketone, ethyl acetate, ethyl lactate. chk>. 
roform. tnchloroethylene. dichloromethane. hexane. heptane, toluene, their mixtures with mineral oil. or other suitable 
S^e ^'^^ ^^^"^^ "^^^ isocyanates under the coating conditions. The preferred solvent is methyl ethyl 

Alternatively, the polyisocyanates can be dispersed in a solvent/non-solvent mixture to form a dispersfon. for in- 
stance, emulsified to form an oil-in-water emulsion. When an emulsion is used, the reactive isocyanate groups need to 
be protected by suitable chemical groups known to those skilled in the art. 

A wide variety of polyisocyanates can be employed in preparing the coatings of the present invention and include, 
birt are not limited to. toIuene-2,3-diisocyanate. toluene-2.6KJiisocyanate. commercial mixtures of toluene.2.4- and 
JB^iisocyanat^ 4.4'<Jiphenylmethane diisocyanate. cyclohexylene.1.4-diiisocyanate. m-phenylene diisocyanate. 
3.3^iphenyl-4-biphenylene diisocyanate. 4.4-biphenyl diisocyanate. 1 .S-hexamethylene diisocyanate. 1 .S-naphthalene 
di^yariate. cumene-2.3.diisocyanate. 2.4.diisocyanatodiphenylether. 5.6-dimethy|.1.3-phenylenediisocyanate. 
2,4-dimethyl-l.3-phenylenediisocyanate. 2.4^imethy|.1.3-phenylenediisocyanate. 4,4<Jiisocyanatodiphenylether. 
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9.10-anthracene diisocyanate. 2,4-diisocyanatotoIuene, 1.4-anthracene diisocyanate, 2.4.6-toIuene triisocyanale. iso- 
phorone diisocyanate. and p.p',p"-triphenylmethane triisocyanat©. Equally useful are isocyanale end-capped prepoly- 
mers and adducts. iscx:yanale end-capped polyfuncttonal aromatic adducts. isocyanate end-capped polyfunctkmal 
aliphatic adducts and two component systems such as end<apped aliphatic polyester polyol and aliphatic polyol com- 
pounds, and their mixtures with different polyisocyanates as described above. 

Illustrative of Isocyanate end^apped adducts are the reaction products of 2,4-toiylene diisocyanate. 4.4'^Jiphenyl- 
methane diisocyanate. polymethylenepolyphenyl isocyanate, or 1 .5-naphthylene diisocyanate. with 1,2-polypropylene 
glycol, polytetramethylene ether glycol. 1.4-butanediol. 1.4-butylene glycol. 1,3-butyiene glycol, poly(1.4-Qxybutylene) 
glycol, caprolactone, adipic acid esters, phthalic anhydride, ethylene glycol and diethylene glycol 

The polymers used for fomning the top coatings of the present invention are poly{carboxylic adds) in the free acid 
or partially neutralized fomns as represented by the following fomnula: 
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where 

n = 0-0.95 mole fraction of neutralized acid moieties; 

m = 0.05-1 .0 mole fraction of acid moieties with the proviso that n+m = 1 ; 

.X2.X3 are each a hydrogen atom or a suitable monovalent organic radical, such as lower alkyi or cycioalkyi or 
aryl of up to 8 carbon atoms, and wherein the X groups are such that the polymer remains water soluble; 
Y is either a single bond or any suitable divalent organic radical, such as a hydrocarbon group of up to 8 carbon 
atoms, provided it does not adversely affect the solubility of the polymer; 
2 is either a metallic ion or a tertiary ammonium ion; and 

p is a very large number such that the polymer has a nwlecular weight between 200.000 and 5.000.000. 

Representative poiy(carboxylic acid) homopolymers include, but are not limited to, poly(acrylic acid), poly(meth- 
acrylic acid) and poIy(isocrotonic acid). The poIy(carboxylic acid) of this invention can be either linear or partially 
cross^inked such that it would form either a solution or a colloidal dispersion In the coating medium. The prefen-ed poly 
(carboxylic acid) polymer is a poly(acrylic acid) having a molecular weight of from 200,000 to 5,000,000. Particularly 
preferred poIy(carboxylic acid) polymers include poly(acrylic acid) polymers having molecular weights of from 1 .000 000 
to 3.000,000. 

Copolymers containing water-insoluble units as well as carboxylic acid units can be mixed with the above homopol- 
ymers if so desired, as long as they are compatible. 

Any organic solvents or mixed solvents for the poly(carboxylic acid) polymers used in this invention may be employed 
for making the topcoat solution provided that they are not reactive with the polyisocyanates. Examplary solvents or 
solvent mixtures include acetonitrile, acetonitrile-DMF N,N-dimethyl formamide (DMF), acetyl acetone, acrylonitrile. ben- 
zonitrile. diethyl acetamide, diethyl fonmamide, diethylfomnamkie-DMF, dimethyl acetamide, 1.4-dioxane. dipropyl sul- 
fone, DMF-acetone, DMF-toluene, DMSO (dimethyl su If oxkJe). DMSO-DMF, ethyl formamide. N-methyl-2-pyrrolidone, 
nitrobenzene. nitrobenzene-DMF. phenylacetate. propionitrile, and styrene. The dissolution of poiy(carboxylic acid) pol- 
ymers in many of the above-mentioned solvents may be enhanced by the addition of suitable amines. The preferred 
solvent is dimethyl formamide. 

To prepare a seed-free poly(carboxyIic acid) solution, it is advantageous to add a small amount of surfactant in the 
solvent before mixing with the polymer. Any soluble surfactant or a mixture of surfactants in the above-mentkwied solvents 
may be useful. The preferred surfactants are soluble non-ionic surfactants such as polyoxyethylene sorbitan fatty ackJ 
esters, polyoxyethylene acids, polyoxyethylene alcohols, fluorinated alkyI esters, fluorinated alkoxylates and their mix- 
tures. 

Due to the high molecular weight of the poIy(carboxylic acid) polymers used in the present Invention, their solutk)n 
viscosities may be too high to be suitable for some coating processes. It is advantageous in these instances to convert 
the polymer solutton to a colloidal dispersion by mixing with one or more non-solvents. Exemplary non-solvents include 
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tertiary alcohols, ketones, alphatic ethers, aliphatic and aromatic hydrocart)ons. The preferred non-solvents are acetone 
MEKY and tertiary butyl alcohol. 

For some applications it might be desirable to incorporate one or more additives in the coatings, particulariy the top 
coaling. For example, some catheters are comprised of a thermoplastic rubber and it is preferred that the primer coating 
contain a plasticieer to minimize loss of nextoility due to the coating operation. A wide variety of plaslicizers can be 
employed such as the esters of fatty acids, mineral oil or silicone oil. The plasticizer must, of course, be compatible with 
the components of the coatings and have no undersirable biological properties which would limit their use. 

Other additives can be emptoyed in the coatings in addition to the surfactants such as, stabilizers, antbxidants. 
antimicrobial agents, colorants and biological components. For example, in catheters which are inserted into blood 
vessels, it may be desirable to have contained in the coating an antrthrombogenic agent such as heparin, to avoid blood 
clot formation during the surgical procedure. The antithrombogenic agent can be used either as an additive or as a 
chemically bonded moiety of the poly(carbQxylic acid) polymer. 

The techniques employed in coating the substrates and devices are not necessarily critical and any coating proc- 
esses suitable for making thin coatings may be utilized. 

In practice it has been found that excellent lubricity and abrasion resistance properties are obtained when the total 
thffikness of the primer and top coating applied to the substrates in accordance with the teachings of this invention is 
from the sub-pm range to a few \im. 

The concentration of the isocyanate and the poly(cartDOxylic acid) in the respective coating solutions can vary de- 
pending upon the particular components employed, their solubility as well as other considerations. In general the polyiso- 
cyanate component in the primer coating is contained in the coating solvent in an amount of at least 0. 1 % by weight. In 
practice, it is preferred to ennploy the polyisocyanale in a solvent in a concentration of from 0.5 to 20% by weight and 
more preferably from 1 to 5% by weight. 

The amount of the poly(carboxylic acid) component employed in the solvent will be controlled by the viscosity of 
the medium. Almost any concentration can be used as long as it is high enough to permit the preparation of a satisfactory 
coating, and yet is low enough so that the solution is not too viscous. Concentrations of from 0.1 to 10% by weight are 
preferred, a concentration within the range of 0,5 to 2% by weight being the most preferred. In practice, the stoichiometry 
IS such that the molar ratio of carboxylic acid groups to isocyanate groups is greater than 1 and will generally be at least 

Although the drying temperatures and times are not necessarily critical, it has been found that the coated substrate 
can be dried at temperatures of from 20 to 1 50»C and more preferably from 50 to 1 0O'C. Drying periods can range from 
a few seconds to 60 minutes or more. 

Many types of catheters need to be themiotormed to specific shapes for their intended applications. Depending on 
the lemperature and length of time of the thermoforming process many coaled catheters may lose their hydrophilic 
lubricity during the thermoforming process. The degree of lubricity loss depends on the severity of the thermoformino 
3S conditions. ^ 

Thus, when the temperatures are sufficiently high lubricity may be decreased due to the cyclization of adjacent acid 
groups. Accordingly, it is preferred to neutralize or partially neutralize the acid groups to prevent such cyclization. The 
description of treatment of the acid groups by sodium phosphates and preferred formulations are set forth in the exam- 
ples. 

^ The hydrophilic lubricious coatings of this invention are useful in coating medical devices, where a slippery exterior 

and/or interior, are necessary or desirable to minimize injury to tissues and to akJ in manipulation of the devices during 
surgical procedures. Examplary medical devices include catheters, needles, guide wires, prophylactic devices, delivery 
systems, fillers, sheaths, and other accessories employed in medical diagnostics, drainage, dilatation occlusion vena 
cava and the like. While the invention is particulariy applicable to medical devices, it can also be used to coat a variety 
of other substrates. For instance, the coatings can be applied to condoms, skis, toboggans, and in those instances 
wherein a lubricious surface is desired. 

In the examples which foltow. certain abbreviations have been employed to define the various polyisocyanates and 
po!y(cart)Qxylic acids). All of the compounds are readily available from cormiercial sources. 

so Polvisocvanate Composition 

A- 1 .6-diisocyanatohexane 
B- 2.4-toluene diisocyanate 

. D- An isocyanate end-capped aliphatic prepolymer having an average NCO equivalent weight of 350 and a solution 
viscosity of about 1 .000 mPa-s (cps) at 25"C. 

E- An aromatic isocyanate end-capped prepolymer average NCO equivalent weight 182. 
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Polv(carboxvlic acid) Composition 



L- A poIy(acryIic acid) partially cross-linked homopoJymer having a nrralecubr weight of about 3.000,000. 

M- A USP grade poly(acrylic acid) partially cross-linked homopolymer having a molecular weight of about 3,000,000. 

N- A poly(acry lie acid) homopolymer having a molecular weight of about 1 .250.000. 

The following examples in which all percentages are given by weight are illustrative of the invention: 
Example 1 

A nybn 6 coupon was compression molded from Capron(B)8000 (Allied Chemfcals). The coupon was first dipped 
into a 1% solution of 1.6<iiisocyanalohexane (A) in methyl ethyl ketone (MEK) for one hour. The coupon was subse- 
quently removed from the MEK bath and dried in a 60»C air oven for 30 minutes. The dried coupon was then dipped in 
a 1% solution of poIy(acryllc acid) (L) in dimethylsulfoxide (DMSO) for one second It was redried at SO^^C in an air oven 
for 30 minutes. The finished coating was snDooth. non-tacky, as well as easy to handle. It became instantly slippery upon 
exposure to water. 



Example 2 



The coated nylon 6 coupon was soaked in a water bath for three hours at room temperature. The soaked coupon 
retained a high degree of lubrrcily. This experffnent shows that the poly(acrylic acid) coaling was held tightly onto the 
nylon 6 substrate and was not leached out during the soaking. 

Example 3 

A nyksn 1 1 coupon was compression molded from RISAN BESNO(g>-545344. The coupon was treated according to 
the same procedure as described in Example 1 . The finished coating on the nylon 1 1 coupon became lubricious instantly 
upon exposure to water. 



Example 4 

The coated nykxi 11 coupon was soaked in a water bath for three hours at room temperature. The soaked nyton 
11 coupon remained highly lubricious. This experiment illustrates that the poly(acrylic acid) coating was not dissolved 
away during the soaking. 



Example 5 



Example 1 was repeated with the exception that N.N-dimethyl fomnamide (Df^F) was substituted for DMSO as the 
solvent for the poly(acrylk: acW). A very lubrictous coating was obtained when exposed to water. 

Example 6 

Example 5 was repeated with the exception that the concentration of the poly(acfylic acid) was 0.5 instead of 1%. 
The finished coating was slightfy more smooth and become lubricraus upon exposure to water. 

Example 7 



Example 6 was repeated with the exception that (1) an 0.2% poIy(acrylic acid) solution was used and (2) the acid 

polymer was partialV neutralized by addinga 50% stoichkjmetric amount of triethylamine. 
which became lubricious upon exposure to water. 

Example 6 



A nyton 11 coupon was compression molded from bismuth cartxsnate filled nylon 1 1 pellets. The coupon was coated 
in a 1 % solution of toluene 2.4Kiiisocyanate (B) in MEK for one hour. After drying in an air oven at SO^C for 30 minutes, 
the coupon was dipped in a 1% solution of poly(acrylk: acid) (L) in dimethylformamide (DMF). After redrying at 60»C for 



EP 0 379 156 B1 

30 minutes, a smooth coating was obtained. The surface of the coupon became lubricious instantly upon exposure to 

wator. 

Example 9 

5 

A surgical catheter made of bismuth carbonate filled nylon 11 vras coated by the same procedure as described in 
Example 8 with the exception that poly(acrylic add) (M) was substituted for (L). The finished catheter had a continuous 
smooth coating which became very lubricious upon exposure to water. 

'0 Example 10 (comparative) 
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(a) Example 9 was repeated with the exception that a 1% solution of a (vinyl methyl ether-maleic anhydride) copol- 
ymer (GANTRE2-AN® 169 produced by GAF) in MEK was substituted for the poly (aery lie acid) solution as the 
topcoat. The freshly prepared coating showed no lubricity upon exposure to water It became lubricious however 
after overnight soaking in a water bath. This example illustrates a deficiency of the prior technique described iri 
EP-A-166998. 

(b) A nylon 1 1 catheter was coated by dipping in a 1 % DMF solution of polyisocyanate (B) for 1 hour after which it 
was dried at 60»C for one hour, the catheter was then dipped in a 1 % DMF solution of polyvinyl hydrophthalate for 
1 second and dried 30 minutes at 60«C. Upon dipping in water there was no development of a lubricious coating. 

Example 11 

Example 9 was repeated with the exception that 1 .6-diisocyanatohexane (A) was substituted for toluene 2 4-diiso- 
cyanale (B) in the pnmer solution. A smooth coating was obtained which became slippery instantly upon exposure to 

wator. 
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Example 12 

Example 9 was repeated with the exception that an isocyanate end-capped polyfunctional aliphatic adduct (D) was 
substituted tor toluene diisocyanate. The isocyanate solution was made of 2.03 grams of (D) and 150 grams of MEK 
which resulted in an 0.8% solution of (D). The finished coating was continuous and smooth, which developed lubricity 
immediately upon exposure to water. ' 

Example 13 

Example 12 was repeated with the exception that an (ethylene-vinyl acetate) copolymer catheter was substituted 
ujal ex^ure t?!Sei[' '^^ "° discoloration and was smooth. It developed lubricity instantly 

Example 14 

m i;^ M the coated catheter prepared In example 12 was examined for lubricity retention in a saline solution 
(0.5% NaCI). The following obseivations were noted and are set forth in Table I below: 

TABLE I 





Soaking time, hours 


Observation 


SO 


1/6 


remained lubricious 




1/2 


remained lubricious 




1 


remained lubricious 




24 


remained lubricious 


$s 


After redrying at 60'C 


normal feel 


Exposed to saline again 


remained lubricious 



These results demonstrate that the hydrophilic lubricious coating of this invention is resistant to saline. 
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Example 15 

Two coated nylon 11 catheters, one taken from example 9 and the other from example 12, were immersed in a hot 
water bath at 70»C and examined for any loss of lubricity. The results obtained are set forth in Table II below: 

TABLE II 



Time in 70'C Bath, hours 


Observation 


0 


lubricrous 


1 


lubrictous 


2 


lubrlcious 


3 


lubricious 


4 


lubricious 



It is evident from the above data that the coating of the present invention demonstrated a good retention of lubricitv 
in hot water at 70*C. 
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Example 16 

This example illustrates a preferred method for making a uniform solution of poly(acfyIic acid) (M) in DMF or similar 
solvents. Such a solutbn is easier to handle, filters more rapidly and results in a more uniform coating 

A total of 180 grams of DMF and 0.09 grams of Tween(g)80 [poly(oxyethylene) (20) sorbitan monooleate. a non-inoic 
surfactant supplied by ICI] were placed in a 500 ml beaker The mixture was blended for 5 minutes using an air^irrven 
Cowles mixer. Thereafter. 1 .8 grams of (M) was sprinkled into the Ik^urd while under mixing. The mixing was continued 
for a total of 1 5 minutes. A highly uniform, gel-seeds-free solution was obtained, the finished solution exhtoited a Brook- 
field viscosity (Model LVT. 6 RPM at 25»C) of 55 mPa-s (cps). The dissolution process was much more time^onsuming 
without the surfactant, and the finished solution typically exhibited a viscosity of about 100 mPa-s (cps). 

Example 17 

Example 1 6 was repeated with the exception that BRIJ® 98 [pofyoxyethylene (20) oleylether. a non-ionic surfactant 
produced by ICI] was substituted for the Tween® 80. A uniform gel-seed-free solution was obtained The solutfon was 
filtered through a 16 ^m filter with ease. The finished soluton exhibited a Brookfield viscosity of 45 mPa-s (cps). 

Example 18 

Example 1 7 was repeated with the exception that MYFU(8) 53 (polyoxyethylene (50) stearate. a non-inoic surfactant 
produced by ICI) was substituted for BRIJ® 98. A uniform, gel-seed-free dispersion was obtained. The disperswn filtered 
through a 16 urn filter with ease. The finished dispersbn exhibited a Brookfield viscosity of 45 mPa-s (cps) (Model LTV 
6 rmp at 25'*C). ^ / \ i 

Example 1 9 

/r^^ ^^fl^!}^^^^ ^"^"^^ "^'^ "^"^^ Medi-tech was coated with a primer solution composed of 1 % polyisocyanate 
(D) ri MEK and a topcoat solution composed of 1 % poly(acryfc acid) (M) and 0.05% of MYRJ® 53 (surfactant) in DMF 
TTie drying cycles used for the two coats were 30 minutes at 70«C and 30 minutes at 60»C. respectively. The finished 
stainless steel guide wire showed a lubrrcrous surface upon exposure to water 

Example 20 

A bisrrujth carbonate filled nylon 1 1 catheter was first dipped in a 1 % tolylene.2.4-diioscyanate solution in MEK for 
one hour. The catheter was removed from the bath and dried in an air oven at 90X for 30 minutes. It was dipped-coated 

^ . r.Tli.^^'I^ ^*^P®^«'°" ^^^ving a formulation kientical to that of example 1 8 for 1 second. The catheter was 
redned at 90 CforSOminutes.Thefinished coating wasverylubrcious and showedahigh degree of abrasion resis 



EP 0 379 156 B1 



Example 21 

A nylon 11 catheter was coated by first treating it in a primer solution containing 0,5% and 0.5% of polyiscyanate 
(D) and tolylene a4-diisocyanate. respectively The catheter was dried at SS'C for 30 minutes and subsequently dipped 
in a 1% poly(acfylic acid) (L) dispersbn for one second. It was then redried at 85'C for 30 minutes. The finished catheter 
was smooth, and showed a high degree of lubricity upon exposure to water. The hydrophilic lubricious coating on this 
catheter was resistant to abrasion, and retained much of its initial lubricity after rubbing with a wet tissue ten times. 

Example 22 

A nylon 11 catheter was coated according to the same procedure as descrtoed in exanriple 21 with the exception 
that the ratio of tolylene 2.4-diisocyanate to (D) was changed from 0.5/0.5 to 0.75/0,25. The finished catheter was ve^ 
lubricious upon exposure to water. It exhibited good abrasion resistance as measured by the rub test described In 
example 21. 

Example 23 

A catheter was coated according to the procedure of example 22 with the exception that the drying temperature 
was 60 instead of e5**C. The finished catheter was very lubricious upon exposure to water. 

Example 24 

A double-coating procedure is illustrated in this example. Five pieces of nylon 11 catheters were first soaked in a 
1% tolylene 2.4-diisocyanate solution in MEK for one hour After 30 minutes drying in an air oven at 85'C.. they were 
dipped^oated in a 1% poly(acrylic add) (M) solution for one second. They were redried at 85**C for 30 minutes. The 
above coating procedure was repeated once more with the exception that the dipping time in the primer solution was 
shortened from one hour to 1 0 minutes for the second coating. The finished catheters were very slippery upon exposure 
to water. 

Example 25 ^ 

A low viscosity, uniform colloidal dispersion of poly(acrylic acid) (N) [a high molecular weight linear poly(acrylic acid)) 
was prepared by the following procedure: Ten grams of (N) were added under mixing with a Cowles air mixer to a solution 
containing 0.5 grams of MYRJ® 53 surfactant and 659.7 grams of DMF. A viscous solution was obtained in about 15 
minutes. Thereafter, 32.98 grams of MEK were added into the solution under mixing to yield a slightly cloudy colloidal 
dispersion. The colloidal dispersion possessed a Brookfield viscosity (Model LVT, 6 rpm at 25«C) of 162 mPa-s (cps). 
Without MEK. a 1% (N) solution in DMF would produce a viscosity of 2,300 mPa-s (cps). 

Example 26 

A nylon 11 catheter was coated using the procedure described in example 21 with the exception that the primer 
solution was a 1% tolylene 2.4-diisocyanate solution in MEK and the top coat solution was a 1% poly(acrylic acid) (N) 
solution in DMF prepared in accordance with example 24. The finished coating was very smooth and became lubricious 
Instantly upon exposure to water. 

Example 27 

A bismuth carbonate filled nylon 11 catheter was coated with a hydrophilic lubricious coating by the following pro- 
cedurei 



(1) Dipped in an 1% tolylene 2,4-diisocyanate solution in MEK for one hour. 

(2) Dried in an air oven at 85* C for 30 minutes. 

(3) Dipped in a 1% poly(acrylic acid) ((L)) solution for one second. 

(4) Dried in an air oven at 85**C for 30 minutes. 

(5) Repeated ( 1 ) except for 1 0 minutes. 

(6) Repeated (2). 

(7) Repeated (3). 

(8) Repeated (4). 
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30 
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The finished coating was snKXJth and continuous. It became very slippery instantly upon exposure to water and showed 
a good abrasion resistance by the tissue paper rub test 

Example 28 

Example 27 was repeated with the exception that a nylon 1 2 catheter was substituted for the nylon 11 catheter TTie 
finished coating was lubricious and exhibited good abrasion resistance. 

Example 29 

A catheter made of thermal plastic rubber Kraton® was coated according to the following procedure: 
(1 ) Dipped in a bath containing a primer solution of the following composition 



Tolylene diisocyanate 


0.75% 


Isocyanate (D) 


0.25% 


Mineral Oil 


15% 


DMF 


84% 



for one minute duration. 

(2) Dried in an air oven at 85**C for 30 minutes. 

(3) Dipped in a 1 .5% poly(acfylic acid) (M). solution in DMF for one second. 

(4) Dried in an air oven at 85*C for 30 minutes. 

The finished catheter retained its flexibility, showed negligible shrinkage, and a smooth coating. The latter became very 
lubricious upon exposure to water and was resistant to abrasion. 

Example 30 

A catheter made of poly(ethyleneA/inyl acetate) was coated according to the following procedure: 



(1) Dipped in a 1% isocyanate (D) solution in MEK for 30 minutes 

(2) Dried at 60»C for 30 minutes. 

3S (3) Dipped in a 1 .5% poly(acrylic acid) (M) solution in DMF for one second 

(4) Dried at 60*C for 30 minutes. 

(5) Repeated (1 ) but tor 10 minutes. 

(6) Repeated (2). 

(7) Repeated (3). 
40 (8) repeated (4). 

Thefinishedcatheterwasvery smooth andretained its originalwhiti^ 

to water. The coating was practically unaffected after 10 rubs with a wet tissue paper. 

45 Example 31 

HaJrinL'^'^t^''^^^^^ ^ ^""^^ "^'^ "^^^ conjunction with a catheter was coated using the procedure 

l^^^S'^^^^^^^^ "f^'^'fcol!^" 9uide wire was dipped in a primer solution containing 1.0% isocyanate (D) in 

DM^ 1 !1S J^'T" 1^^^- subsequently dipped in a 1.5% poly(acrylic acid)1Zrsolutk)n in 

u^^ZIh^"^^ '1 ^® 9"*^^ ^ 9°°^ ^^9ree of lubricity and retained much of its initial 

lubricity after rubbing with a wet tissue 4 times. 

Example 32 

upon ex^^^^^^ '^^'^'"^ ^ ^^^^^ 9"*^^ ^^^'^^'^^^ a good degree of lubricity 
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Example 33 

The full length of a nylon 1 1 catheter comprised of a polyether themnoplastic elastomer and fitted with a polyethylene 
terephthalate balloon was coated in a nianner simflar to the preceding examples. The catheter indudng the balUyon 
was dipped in a primer solution containing 1% isocyanale (D) in MEK and dried for 30 minutes at The catheter 
with balloon was subsequently dipped in a 1.5% poly(acrylic acid) (L) dispersion (7:3 DMF/MEK) for 1 second and dried. 
The catheter showed very good lubricity upon exposure to water and retained much of its initial lubricity after rubbing 8 
ttnnes with a wet tissue. 

Examples 34-57 

Additional experiments were conducted to evaluate various catheters coated in accordance with the present inven- 
tion and wherein variations were made in coating compositions, solvents, number of coatings, drying limes and the iike 
The pertinent data is set forth in Tables l-lll below: 
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Example 58 
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20 



A low viscosity, uniform colloidal dispersion of poIy(acrylic acid) (N) was prepared by the following procedure: Into 
a 2-liter stainless steel reactor, equipped with a turbine agitator, condenser, thermometer, and an exterior heating bath, 
there was charged under agitation 487. 1 7 grams of DMF (Mallinckrodl). 25^7 grams of MEK (Mainnckrodl). 234,3 grams 
of tertiary butyl alcohol (Arco), and 0.83 grams of MYRJ(g^53 (an ethoxylated stearic add produced by ICI). One© a 
uniform solution was obtained. 25 granns of poly(acfylic acid) (N) powder were introduced by pouring directly into the 
reator, The reactor was heated to 50*»C and maintained at 50 ± 2«C for one hour while under agitation at 2000 rpra 
Thereafter, the reactor was cooled to room temperature and the content was transferred into a Waring Blender for 
honrwgenization. The homogenized product was filtered through a 10 |im polypropylene filter cartridge to yield a uniform 
colloidal dispersion. It showed the following viscosity properties: 



Before honrwgenization 
Brookfreld viscosity 
Kinematic viscosity 

After homogenizallon 
Brookfield viscosity 
kinematic viscosity 



40 mPa-s (centipoises) 
17.3 mnrt^/s (centistokes) 

7 mPa-s (centipoises) 
8.7 mm2/s (centistokes) 



Example 59 



A primer solutbn was prepared by mixing 80.91 parts of MEK (Mallinckrodt), 1 5.47 parts of mineral oil (Maltnckrodt). 
3.6 parts of polyisocyanate E and 0.02 parts of FLUORAD® 431 ( a surfactant produced by 3M) to yield a mobil. clear 
2S liquid. The solution contained 0.84% by weight of isocyanate groups. 



Example 60 

This example illustrates the preparation of a sodium phosphate solution for the acid neutralizatkxi of the poly(car- 
30 boxyiic acid) coating of this invention. 

An 0.1 N sodium phosphate solution was prepared by dissolving 13.8 grams of the reagent (Matheson. Coleman 
& Bell) into one liter of distilled water. Separately, an 0. 1 N disodium phosphate solution was made by mixing 7. 1 grams 
of the reagent (Matheson, Coleman & Bell) into one liter of distilled water Into a one liter beaker containing about 660 
ml of the 0.1N disodium phosphate solution, there was added under mixing a sufficient amount of the 0.1 N sodium 
3S phosphate solutksn until the pH reached 7. 



Example 61 

A plasticized styrene-butadiene catheter was coated according to the foltowing process to yield durable lubricous 
40 coaling of this invention. 

A 37,5 cm (1 5 inch) long catheter was dipped for 1 minute in a stainless steel bath containing the primer of Example 
59. The coated catheter was air dried briefly and followed by baking in a forced air oven at 85»C for 30 minutes. The 
primed catheter was dipped quickly in a topcoat bath containing the polyacrylic acid collokJal dispersion of Example 58. 
Following a brief air^frying the wet catheter was dried in the oven at 85»C for 60 minutes. A uniform coating was produced. 
45 which became lubricious instantly upon exposure to water. The coating exhibited a good adhesion to the catheter. 

Example 62 

This example illustrates the utility of post neutralization for presenting hydrophilic lubricity of the coated catheter 
50 during a thermoforming process. 

A plasticized polystyrene-butadiene catheter coated according to Example 61 was dipped in a bath containing the 
sodium phosphate solution of Example 60. The treated catheter was air dried for one hour, thereafter the catheter was 
shaped and heated in that shape at 120''C for 90 minutes. The finished shaped catheter became lubricious instantly 
upon exposure to water. 

55 

Example 63 



thermofomiing treatment of Example 62 was repeated without first dipping in the sodium phosphate solution. 
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The finished stem was no tonger lubricous upon exposure to water. 
Example 64 

This example illustrates the preparative procedure for producing a top coat dispersion containing a polyfmethacrvlic 
acid) polymer. 

Into a one-nter size Pyrex® glass reactor equipf^d with a turbine agitator, a themnometer, a condenser, an external 
heating bath and an addition funnel there was charged 312 grams of DMF. 120 grams of t-butyl alcohol, 158.7 grams 
of MEK. 0.3 grams of MYRJ(B>-53 surfactant and 9 grams of poly(methacrylic acid) (Polysciences). The mixture was 
heated to 50*C while under vigorous mixing. After a 1 hour mixing, a unifonm solutbn was obtained. The dispersion was 
cooled to room temperature and Its viscosity measured with a Brookfield Model LVT Viscometer. The value was 5 mPa-s 
(centipoises). 

Example 65 

The same thermoplastic rubber catheter used in Example 42 was coated with the polyisocyanate primer (E) and 
the poly{methacrylic acid) top coat solution prepared in Example 64 according to the following procedure: 

1. One minute dip in the primer solution. 

2. One minute air dry and followed by a 30 minute bake in a 85*0 forced-air oven. 

3. One second dip in the poly{methacrylic acid) top coat dispersion, 

4. One minute air drain followed by a 60 minute bake in a 85*C forced-air oven. 

The finished catheter was lubricious upon contacting with water 
Example 66 

Example 65 was repeated with the exception that a Nyton 11 catheter was used instead of the thennoplastic rubber 
catheter. The coated catheter was lubricious upon contact with water 

Example 67 

This example illustrates the utility of a spray coating process for producing the lubricious coating of the inventton 
A group of four themnoplaslic rubber catheters were cut to a length of 45 cm (18 inches) and mounted on steel 
mandrels. The latter were mounted on a steel stand inside a ventilated hood. The polyisocyanate primer (E) was sprayed 
onto the catheters using an air-spray gunfThe Devilbiss Co.. Toledo, Ohio. Type JGA-502), After a 30 minute baking at 
85'C in a forced-air oven, the primed catheters were sprayed with a coat of poly(methacfyIic acid) top coat (N) After a 
60 minute baking, a fairly smooth coating was obtained. The coated catheters became lubricbus immediately upon 
exposure to water. 



Clainis 



A method of covering at least a portion of a substrate with a hydrophilk: coating having good abrasfon resistance 
and which exhibits an increased lubricity when contacted with an aqueous^ontaining fluki, s^id method comprising 
the steps of- » 



(1) contacting said substrate with a polyisocyanate or endn^apped prepolymer or adduct thereof dissolved or 
dispersed In at least one first inert solvent to provide an at least partially coated substrate; 

(2) contacting said coated substrate with a pofy(carboxylic acid) polymer of the formula: 
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n = 
m = 

Y 
Z 
P 



0-0.95 mole fraction of neutralized acid moieties; 
0,05-1 .0 mole fraction of acid moieties with the proviso that n+m=1 ; 
are each a hydrogen atom or a monovalent organic radical; 
is a single bond or a divalent organic radical: 
is a metallic ion or a tertiary ammonium ion; and 

is a number such that the polymer has a molecular weight between 200,000 and 5.000,000; 
said poIy(carboxylic acid) polymer dissolved or dispersed in at least one second solvent which is 
not reactive with the polyisccyanate component employed in step (1) to provide a multiple coaled 
substrate; and 

(3) thereafter drying said multiple coated substrate to provide a hydrophilic. lubricious coating. 

The method of claim 2 wherein said substrate is a medical device, e.g. a catheter. 

The method of at least one of the claims 1 to 2 wherein said polyisocyanate Is a diisocyanate. 

The method of at least one of the claims I to 3 wherein said coated substrate is thenmoformed to different shapes. 

The method of at least one of the claims 1 to 4 wherein at least one additive is incorporated into said coated substrate. 

The method fo claim 5 wherein said additive is an antithrombogenic agent, e.g. heparin. 

The method of at least one of claims 1 to 6 wherein said first solvent is selected from methyl ethyl ketone, ethyl 
acetate, ethyl lactate, chlorofomi. trichloroethylene. dichloromethane, hexane, heptane, toluene and their mixtures 
with mineral oil. 

The method of at least one of claims 1 to 6 wherein said second solvent is selected from acetonitrile, DMF (N, N-dime- 
thyl fomramide). acetonrtrile-DMF. acetyl acetone, acrylonitrile. benzonitrile. diethyl acetamide. diethyl formamide, 
diethyl formamide-DMF. dimethyl acetamide. 1.4-dioxane. dipropyl sulfone. DMF-acetone, DMF-toluene, DMSO 
(dimethyl sulfoxide), DMSO-DMF. ethyl formamide. N-methyl-2-pyrrolidone, nitrobenzene. nitrobenzene-DMF. phe- 
nylacetate. propionitrile. styrene. DMF-MEK (methyl ethyl ketone), dioxane and MEK-t-butyl alcohol. 



50 



55 



Patentanspruche 

1, Verfahren zur Bedeckung mindeslens eines Tells eines Substrals mil einem hydrophilen Oberzug mit guter Abrieb- 
bestandigkeit. der eine erhohte Gleitfahigkeit aufweist, wenn er mit einem wasserhaltigen Fluid in Kontakl gebracht 
wird. wobei das Verfahren die folgenden Schritte umfalM: 

(1) Kontaktieren des Substrats mit einem Polyisocyanat Oder einem mit Endgruppe abgeschlossenen Prepo- 
lymer oder Addukt davon, das in mindestens einem ersten inerten Losungsmittel gelost oder dispergiert ist. um 
ein zumindest teilweise beschichtetes Substrat bereitzustellen; 

(2) Kontaktieren des beschichteten Substrats mit einem Poly(carbonsaure)-Polymer der Formel: 
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0-0.95 Molfraktion von neutralisierten Saure-Einheiten; 

0,05 - 1 .0 Molfraktion von Saure-Einheiten mit der MaOgabe. daO n + m = 1 ; 

jeweils ein Wasserstoffatom oder einen einwertigen organischen Rest darstellen; 

eine Einfachbindung oder ein zweiwertiger organischer Rest ist; 

ein metallisches Ion oder ein tertiares Ammoniumion ist; und 

eine solche Zahl ist. daB das Polymer ein Molekulargewlcht zwischen 200000 und 5000000 auf- 
weist: 



wobei das Poly(carbonsaure)-PoIymer In mindestens einem zweiten Losungsmittel. das mit der in Stufe (1) 
eingesetzten Polyisocyanat-Komponente nicht reaktiv ist, gelost oder dispergiert ist. um ein mehrfach beschich- 
tetes Substrat bereitzustellen; und 

(3) anschlieGende Trocknung des mehrfach beschichteten Substrats unter Bereitstellung elites hydrophilen 
gleitfahigen Uberzugs. / r . 

Verfahren nach Anspruch 1. in welchem das Substrat eine medizinische Vorrichtung, z.B. ein Katheter. ist, 

Verfahren nach mindestens einem der Anspruche 1 bis 2. in welchem das Polyisocyanat ein Diisocyanat ist. 

Verfahren nach mindestens einem der Anspruche 1 bis 3. in welchem das beschichtete Substrat einer Wamie 
formung zu unterschiedlichen Gestallen unterzogen wird. 

5. Verfahren nach mindestens einem der Anspruche 1 bis 4. in welchem mindestens ein Additiv in das beschichtete 
Substrat einverleibt wird. 

^ 6. Verfahren nach Anspruch 5. in welchem das Additiv ein antithrombogenes Mittel. beispielsweise Heparin, ist 

7. Verfahren nach mindestenseinemder Anspruche 1 bisa in welchem das erste Losungsmittel ausMethylethylketon 
Ethylacetat. Ethyllactat. Chlorofomi. Trichlorethylen. Drchtomiethan. Hexan. Heptan. Toluol undderen Mischungeri 
mX Mffieralol ausgewahit wird. 



2. 
3. 
4. 



a Verfahren nach mindestens einem der Anspruche 1 bis 6, in wetehem das zweite Losungsmittel aus Acetonitril. 
DMF (N.N-Dimethylfomnamid). Acetonitril-DMF. Acetylaceton. Acrylnitril. Benzonitril. Diethylacetamid. Diethylforma- 
mid. Diethylformamid-DMR DimethylacetamkJ. 1.4-Dioxan. Dipropylsulfon, DMF-Aceton. DMF-Toluol. DMSO 
(Dmrjethylsutfoxid), DMSODMR Ethylformamkj. N.Methy|.2-pyrrolidon, Nitrobenzol. Nitrobenzol-DMF. Phenylace- 
tal. Propionrtnl. Slyrol. DMF^^EK (Methylethylketon). Dioxan und MEK-t-Butylalkohol ausgewahit wird 



Revendlcatlons 



ss 1. 



Proc6d6 pour recouvrir au nrwirts une partie d'un substrat tf un rev6tement hydrophile ayant une bonne resistance 
a rabrasion et pr6sentant une capacit6 de glissement accrue au contact d'un fluide aqueux. ce proc6d6 comprenant 
les dtapes consistant : -if r 
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(1) ^ faire entrer le substrat en contact avec un polyisocyanate ou un pr6polym6re ^ coitte terminale ou un 
produrt cf addition de ce polyisocyanate en solution ou en dispersion dans au moins un premier soivant inerte 
pour obtenir un substrat au moins partiellement revetu ; (2) k faire entrer ce substrat rev6tu en contact avec un 
polym6re du type poly{acide carboxylique) de formule : 

j 




dans laquelle 
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n = 
m = 

Y 
Z 



^ n = 0-0.95 est la fraction molaire de groupements acides neutralises ; 

0,05-1,0 est la fraction molaire de groupements acides, sous r^sen/e que la somme n+m soit 
^gale k 1 ; 

repr6senlenl chacun un alome dtiydrog^ne ou un radical organique monovalent ; 
est une liaison simple ou un radical organique divalent ; 
est un ion m§tallique ou un ion ammonium tertiaire ; et 

est un nombre tel que le poiymfere ait un poids mol4culaire compris entre 200 000 et 5 000 000 ; 
le polym6re du type poly(acide carboxylique) en question 6tant dissous ou disperse dans aii 
moins un second solvant qui n'est pas r^actif envers le composant polyisocyanate utilise dans 
l'6tape (I) en vue tfobtenir un substrat k revdtement multiple ; et 

(3) k sdcher ensuite le substrat k rev^tement multiple pour obtenir un revdtement hydrophile glissant. 

2. Proc§d6 suivant la revendicalion I. dans lequel le substrat est un dispositif m§dical, par exemple un calh§(er 

35 3. Proc6d6 suivant Tune au moins des revendications I et 2. dans lequel le polyisocyanate est un diisocyanate. 

4. Proc§d6 suivant tune au moins des revendications I & 3. dans lequel on fait prendre par thermoformage diff6rentes 
formes au substrat revdtu. 



Proc6d6 suivant I'une au moins des revendications 1 k 4. dans lequel au moins un additif est incorpor6 au substrat 
revetu. 



6. 
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mSa^^e"'"^' revendicalion 5. dans lequel Tadditif en question est un agent antithrombogSnique, par exemple 

Proc6d6 suivant rune au moins des revendications 1 h 6. dans lequel le premier solviit est choisi entre la m§thy- 
l6thylc6tone, I'acdtate d'6thyle. le lactate d*6thyle. le chlorofonme. le trichlor6thyl6ne. le dichloromfithane, Phexane 
meptane, le toludne et leurs melanges avec une huOe mindrale. 

r'^»!f 1?.'!'!"' ^" """"^ revendications I a 6. dans lequel le second solvant est cholsl entre Pac6tonitrile. 
eDMF (N.N-dim6thylformamide), le melange ac6lonitrile-DMF. l'ac6tylac6tone. Tacrylonitrile. le benzonitrile. ledid- 
thylac6tamide. le di6thylfomramide. le ml6ange di6thyltormamide-DMF. le dim6thylac6tamide. le 1.4^foxannB la 
'® ""^^^ DMF-ac6tone, le melange DMF-tolufene. le DIVISO (dim6thylsulfoxyde). le m6larige 
Diy^saDMF. 1 6thylformamide. la N-m6thyl-2-pyrrolidone. le nitrobenzfene. le melange nitrobenz6ne-DMF, PacState 
de ph6nyle le propionitrile. le styrfene. le melange DMF-MEK {m6thyl6thylc6tone). le dioxanne et le melange 
MEK-alcool tertio-butylique. 
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